Introduction
The idea that association underlies memory was already emphasized by the Greeks [1] . The discovery of neurons and synapses raised the question of whether these structures are modifiable by experience and could thereby mediate association. A potential answer to this question was proposed by Donald Hebb [2] . According to the Hebb rule, associations are encoded if synaptic plasticity obeys a simple rule: the synapse between cell A and cell B will be strengthened if two conditions are met: (i) the synapse from cell A onto cell B is active; and (ii) cell B responds to this and other inputs by strong depolarization that triggers action potentials. Thus, if cell A represented object A and cell B represented object B, the co-occurrence of the two objects would, by the Hebb rule, strengthen the synaptic linkage between these cells. This link would subsequently be evident when only object A was presented because it would lead to the firing of cell B, thus bringing object B to mind by association.
Experimental support for the Hebb rule came through the study of LTP, an activity-dependent change in the strength of synapses. LTP has been found in many brain regions but has been most extensively studied in the CA1 region of the hippocampus. Early experiments showed that LTP in CA1 is governed by the Hebb rule: the induction of LTP requires both presynaptic input and strong postsynaptic depolarization (the role of Na + spikes remains unclear) [3] . Furthermore, preventing strong depolarization by injecting negative current prevents the induction of LTP [4] . Implicit in Hebb's rule is that LTP is specific to the synapses at which the rule is met (e.g. inactive synapses should be unaffected despite the strong postsynaptic depolarization). The ability to induce LTP at single visualizable synaptic connections by two-photon uncaging of glutamate has directly confirmed the synapse specificity of LTP [5] .
Other work has revealed some of the molecular mechanisms that underlie Hebbian plasticity, allowing tests of the role of this plasticity in memory. Remarkably, the Hebbian computation in CA1 is carried out by a single type of molecule, a type of glutamate-activated channel termed the NMDA receptor (NMDAR). The opening of the NMDAR is Hebbian: the channel opens only if there is both presynaptic glutamate release and strong postsynaptic depolarization. When these channels open the resulting influx of Ca 2+ activates the enzyme, Ca 2+ /calmodulin-dependent protein kinase II (CaMKII), which then triggers the local biochemical changes that strengthen the synapse. Experiments show that genetic or pharmacological interference with NMDARs or CaMKII strongly interferes with memory formation [6] . There is thus little doubt that a Hebbian form of LTP is important for memory formation.
But is the simple form of association envisaged by Hebb the whole story? From our daily experiences we know that items can co-occur but be only briefly registered in conscious memory if we do not attach importance to them. This suggests that there are additional factors that determine whether information is stored persistently. Importantly, studies of LTP (mostly in CA1) show that there is an additional factor: the persistence of LTP depends not just on the two factors of the Hebbian condition (glutamate release and postsynaptic depolarization), but also on a third, the action of the neurotransmitter dopamine [7] (Box 1). Importantly, the dopamine release depends on systems-level processes that include motivation and
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